Guiera senegalensis J.F. Gmel is a broad-spectrum African folk-medicinal plant, having activities against fowlpox and herpes viruses. Very recently, we have shown the anti-hepatitis B vius (HBV) potential of G. senegalensis leaves extract (GSLE). Here, we report the antioxidative and hepatoprotective efficacy of GSLE, including HPTLC quantification of four biomarkers of known antioxidative and antiviral activities. In cultured liver cells (HuH7) GSLE attenuated DCFH-induced oxidative stress and cytotoxicity. This was supported by in vitro DPPH radical-scavenging and b-carotene-linoleic acid bleaching assays that showed strong antioxidant activity of GSLE. Further, two simple and sensitive HPTLC methods (I and II) were developed and validated to quantify b-amyrin, bsitosterol, lupeol, ursolic acid in GSLE. While HPTLC-I (hexane: ethylacetate; 75:25; v/v) enabled quantification of b-amyrin (Rf = 0.39; 20.64 lg/mg) and b-sitosterol (Rf = 0.25; 18.56 lg/mg), HPTLC-II (chloroform: methanol; 97:3; v/v) allowed estimation of lupeol (Rf = 0.47; 6.72 lg/mg) and ursolic acid (Rf = 0.23; 5.81 lg/mg) in GSLE. Taken together, the identified biomarkers strongly supported the antioxidant and anti-HBV potential of GSLE, suggesting its activity via abating the oxidative stress. To our knowledge, this is the first report on HPTLC analysis of these biomarkers in G. senegalensis that could be adopted for standardization and quality-control of herbal-formulations.
Introduction
Oxidative stress-induced cellular injury is caused by the imbalance between the oxidant and antioxidant molecules or by overabundance of reactive oxygen species (ROS), produced by endogenous or exogenous sources (Opara et al., 2006) . The accumulating excess of ROS can damage lipids, proteins or nucleic acids, and inhibit the normal growth and function of the cells (Ames et al., 1993) . Several in vitro and in vitro studies have suggested the association of oxidative stress and damages with different forms of liver diseases (Ha et al., 2010) . The hepatitis B virus (HBV) infection results in acute and chronic liver diseases, such as hepatitis B, cirrhosis and hepatocellular carcinoma (HCC). Evidences have shown that HBV can induce oxidative stress in vitro and in vivo including chronic hepatitis B patients (Severi et al., 2006; Niu et al., 2009; Bolukbas et al., 2005) . Notably, the oncogenic 'X' gene of HBV (HBx) is trans-activated by ROS, and plays a crucial role in the development of HCC. Moreover, the polyunsaturated fatty acids residues of phospholipids of cell membranes and intracellular organelles are highly reactive to ROS that lead to lipid peroxidation (LPO), and produce cytotoxic malondialdehyde and hydroxynonenal (Djordjevic, 2004) . It is reported that the total peroxide level, LPO and oxidative DNA damage are significantly higher in hepatitis B patients (Shaban et al., 2014) .
Currently, the use of medicinal plants is massively increasing due to fewer or insignificant side effects as well as its low-cost. The African medicinal plant, Guiera senegalensis J.F. Gmel, commonly known as 'Cure all' is a popular folk medicine in the treatment of several types of metabolic and infectious diseases (Suleiman, 2015; Bosisio et al., 1997; Somboro et al., 2011) . The dried leaves preparations of G. senegalensis is used to treat cough, sexual, gastrointestinal, respiratory and skin diseases, including their use as acaricidal, antimalarial, and antimicrobial, antioxidant, anti-inflammatory and gastroprotective agents (Osman et al., 2014; Bouchet et al., 1998; Sombié et al., 2011; Akuodor et al., 2013) . Importantly, the galls of the plant are reported to have in vitro antiviral efficacies against fowlpox virus (FPV) (Lamien et al., 2005) and herpes simplex virus (HSV) (Silva et al., 1997) . Very recently, we have shown the in vitro anti-HBV efficacy of G. senegalensis leaves (Arbab et al., 2017) .
It is known that the pharmacological activity of a herbalformulation is attributed to bioactive constituents, and their amount can differ considerably depending on the plant's part used, its geographical origin and the season of harvest. Therefore, development of sensitive methods for quantitative analysis of active biomarker(s) in a claimed plant extract or marketed formulation is fundamental for ensuring its therapeutic quality. Therefore, owing to its low-cost, high-throughput and minimum sample clean-up properties, the high-performance thin-layer chromatography (HPTLC) has become a convenient analytical method. The phytochemical analysis of G. senegalensis has identified various bioactive flavonoids, alkaloids, tannins and a naphthyl butenone (Ficarra et al., 1997; Bouchet et al., 1996) . However, natural triterpenes (the structurally diverse group of pentacyclic triterpenoids) and phytosterols of known antioxidant and antiviral activities are hitherto, not explored in G. senegalensis. The present study was therefore, designed to evaluate the antioxidative and hepatoprotective property of anti-HBV active G. senegalensis leaves ethanol-extract (GSLE) and, to quantify biomarkers (b-amyrin, b-sitosterol, lupeol, ursolic acid; Fig. 1 ) by validated HPTLC methods.
Experimental

Plant material and extract preparation
Fresh and clean leaves of G. senegalensis (Family: Combretaceae) were collected from Kordofan region, and authenticated (voucher specimen no. 798) at the Forestry Research Center (FRC), Khartoum, Sudan. A further verification was done by a taxonomist at the herbarium of College of Pharmacy, King Saud University, Saudi Arabia. The leaves were washed and dried at room temperature for a week and powdered (50 g) using mortar-pestle. The extraction was done with 500 mL of 70% ethanol (Merck) for 24 h with intermittent shaking, and repeated twice with fresh solvent. The extracts were pooled, passed through Whatmann filter paper, and dried under reduced pressure using rotary evaporator (R-210, BUCHI).
Antioxidant activity assays of GSLE
1,1-Diphenyl-2-picrylhydrazyl (DPPH) radical scavenging assay
The antioxidant activity was tested by DPPH radical scavenging ability of GSLE in a 96-well microplate as described elsewhere (Bouchet et al., 1998; Wong et al., 2014) . Briefly, triplicates of 100 lL of GSLE (0.0, 31.25, 62.5, 125, 250 and 500 lg/mL) was mixed with 50 lL of 0.2 mM DPPH (Sigma, USA) in a 96-well flat-bottom microplate (Becton-Dickinson Labware, USA). Rutin, an antioxidant natural flavonoid was used as positive control. Following a 30 min incubation at 25°C in dark, the absorbance (k= 517 nm) was recorded using microplate spectrophotometer (BioRad, USA). The data was analyzed for radical scavenging activity of SGEE, using the following equation:
%Radical scavenging activity ¼ ð1 À As=AcÞ Â 100 ½As : absorbance of sample; As : absorbance of control: 
b-Carotene-linoleic acid bleaching assay
The antioxidant activity of GSLE was based on peroxidation of b-carotene and linoleic acid in a 96-well microplate as described elsewhere (Wong et al., 2014) . Briefly, 0.5 mL b-carotene (500 lg/ mL, in chloroform) was mixed with a solution of 12.5 lg of linoleic acid and 100 mg of Tween-40 followed by chloroform evaporation at 43°C using speed vacuum concentrator (Savant, Thermo Electron Co.). The mixture was immediately diluted to 25 mL with distilled water and shaken vigorously for 2-3 min to form an emulsion. A 150 lL aliquot of the emulsion was added to wells of a 96-well plate containing 50 lL of GSLE or rutin (500 lg/mL), including a negative solvent control The plate was incubated at 50°C for 2 h, and absorbance (k = 470 nm) was recorded at 30 min intervals. The antioxidant activity of GSLE or controls was expressed as% inhibition of LPO using the formula:
%Inhibition ¼ ððAs 120 À Ac 120 Þ=Ac 0 À Ac 120 ÞÞ Â 100 ½As 120 : Absorbance of sample at 120 min; Ac 120 : Absorbance of control at 120 min; Ac 0
: Absorbance control at 0 min:
In vitro hepatoprotective assessment of GSLE
The in vitro hepatoprotective activity of GSLE was tested on human hepatoma cell line, HuH7 cells, using MTT cell proliferation assay kits (Tervigen, UAS). HuH7 were grown in RPMI-1640 medium, supplemented with 10% heat-inactivated bovine serum (Gibco, UAS), 1x penicillin-streptomycin, and 1x sodium pyruvate streptomycin (HyClone Laboratories, USA) at 37°C with 5% CO 2 . 2,7-Dichlorofluorescein (DCFH; Sigma, USA) was used to induce in vitro chemical cytotoxicity at pre-determined dose (IC 50 : 100 lg/mL for Huh7). Briefly, cells were seeded (0.5 Â 10 5 cells/well, in triplicate) in a 96-well flat-bottom plate (Becton-Dickinson Labware, USA) and grown over night. Stock of GSLE was prepared in DMSO (100 mg/mL), followed by its dilution with culture media to different doses (250.0, 125.0, 62.5, 31.25, and 0.0 lg/mL). The final concentration of DMSO never exceeded > 0.1%, and therefore, the prepared doses showed non-cytotoxicity, including the highest one. The culture monolayer were replenished with fresh media containing DCFH (100 lg/mL) plus a dose of GSLE, including untreated as well as DCFH only-treated controls. The treated cells were incubated for 48 h at 37°C followed by MTT assay as per the manufacturer's guidelines. The absorbance (OD; k = 570 nm) was recorded (BioTek, ELx800), and non-linear regression analysis was performed in Excel software to determine the cell survival.
%Cell survival ¼ ððAs À AbÞ=Ac À AbÞÞ Â 100 ½As : Absorbance of sample; Ab : Absorbance of blank; Ac : Absorbance of control:
The treated cells were also visually monitored under an inverted microscope (Optica) for the morphological alternations under the experimental conditions.
Solvents, standards and stock preparation
The commercial standards: rutin, b-carotene, b-amyrin, bsitosterol, lupeol, ursolic acid and linoleic acid were procured (Sigma Aldrich, USA). The AR grade organic solvents (hexane, ethyl acetate, chloroform and methanol) and p-anisaldehyde were purchased (BDH, UK). HPLC grade methanol (Merck, Germany) was used for the preparation of standard stock solutions (1000 lg/ml) and their serial dilutions (b-amyrin and b-sitosterol: 10-100 lg/ml; lupeol and ursolic acid: 10-120 lg/mL).
Apparatus and instruments
For the application of different tracks of standards and GSLE, glass-backed silica gel 60F 254 HPTLC plates (Merck, Germany) were used. CAMAG automatic TLC sampler-4 was used for the application of the standards and GSLE, band-wise to the plates and developed in automatic development chamber (ADC2) (CAMAG, Muttenz, Switzerland). The developed HPTLC Plates were documented by CAMAG TLC Reprostar3 and scanned in CATS 4 (CAMAG).
Instrumentation and conditions
The HPTLC analyses of b-amyrin and b-sitosterol (Method-I), and lupeol and ursolic acid (Method-II) in GSLE were carried out on 10 Â 10 cm precoated HPTLC plates where the band size of each track was 6 mm wide and 7.3 mm apart. All the solvent dilutions (10 lL, each) were applied by micro syringe attached with the applicator on the HPTLC plate to furnish the linearity range of 100-1000 ng/band of b-amyrin and b-sitosterol, and 100-1200 ng/band of lupeol and ursolic acid. The rate of application of all samples on the HPTLC plates was 160 nL/s. The plates were developed in pre-saturated 20 Â 10 cm twin-trough glass chamber at room temperature (25 ± 2°C) and humidity (60 ± 5%). The solvents used were hexane and ethyl acetate (7.5:2.5, v/v) for Method-I, and chloroform and methanol (97:3, v/v) for Method-II. The developed plate was dried, derivatized with p-anisaldehyde, re-dried and quantified at UVmax 540 nm (Method-I) and at 630 nm (Method-II). Since, all marker compounds were soluble in methanol, the extraction of GSLE was carried out in methanol.
Method validation
Validations of the two developed HPTLC methods (Method-I and -II) were carried out as per the International Conference on Harmonization guidelines for linearity range, precision, recovery as accuracy, robustness, including limit of detection (LOD) and limit of quantification (LOQ) (ICH guideline, 2005) . Recovery as accuracy studies involved the addition of a known amount of the analyte to the given sample and to determine how much percentage of analyte was added to the samples. In the present study, for b-amyrin, b-sitosterol, lupeol and ursolic acid known amounts i.e. 50%, 100% and 150% of each standard (200 ng) were added and, the percentage of these added amount were estimated to find out the recovery of the spiked standards. The precision (intraand inter-day) of the two developed methods were evaluated by performing replicate analysis (n = 6) at low (400 ng/band), medium (600 ng/band), and high (800 ng/band), concentrations of the four biomarkers. The precision was recorded as standard deviation (SD) and% standard deviation of the response (% RSD) of each calibration level. The robustness of the HPTLC methods was performed to analyze their capacity to remain unaffected by small, but deliberate variations in mobile phase composition and volume, used for saturation and saturation-time in developing chamber that indicates reliability of the methods.
The robustness study was performed in replicate analysis (n = 6) for the four biomarkers at 300 ng/band concentration. The results were evaluated in terms of standard SD, %RSD and SEM of peak area. In method-I, the mobile phases were prepared with hexane and ethyl acetate (7.5:2.5, v/v) in different proportions (7.3:2.7 and 7.7:2.3, v/v) for the analysis of b-amyrin and b-sitosterol. In method-II, the different mobile phases (95:5 and 98:2, v/v) were prepared from chloroform: methanol (97:3, v/v) for the analysis of lupeol and ursolic acid. In addition to the slight variations in the mobile phases for robustness study, the mobile phase volume used for saturation was also varied to 18 mL to 22 mL from 20 mL. In addition, the saturation-time was also varied from 10 min to 30 min from 20 min. The calculation of LOD and LOQ were based on the RSD and slope (S) of the calibration curve, using the formulae: LOD = 3.3 (SD/S); LOQ = 10 (SD/S).
Statistical analysis
Results were expressed as mean ± SEM. Total variation present in a set of data was estimated by one-way analysis of variance (ANOVA) followed by Dunnet's-test. P < 0.01 was considered significant.
Results
Free-radical scavenging and antioxidant activity of GSLE
Two in vitro assays were employed to determine the antioxidative potential of GSLE. In the DPPH radical scavenging assay, GSLE (IC 50 : 82.71 lg/mL) showed dose-dependent activity ( Fig. 2A) . At concentrations of 31.25, 61.5, 125, 250 and 500 lg/ml, the radical scavenge activity were about 43.74%, 64.25%, 78.72%, 87.5%, and 90.6%, respectively. Interestingly, the radical scavenging activity of the extract at 500 lg/ml was comparable to that of rutin (93.3%). In the b-carotene-linolenic acid assay, GSLE (IC 50 : 128.7 lg/mL) also inhibited LPO in a dose-dependent manner (Fig. 2B) , confirming its strong antioxidative potential.
In vitro hepatoprotective potential of GSLE
In the HuH7 cell culture mode, DCFH (IC 50 : 100 lg/mL), induced severe hepatotoxicity as reflected by altered cell morphology compared to untreated control, observed under microscope. Interestingly, the DCFH-treated cells when supplemented with GSLE (125 and 250 lg/mL), showed normal morphology (data not shown).
This was in accordance with the MTT assay that demonstrated the protection of DCFH-toxicated HuH7 cells to about 74% and 86% by 125 and 250 lg/mL doses of GSLE, respectively (Fig. 3) . In line with our in vitro data, our GSLE showed significant hepatoprotective activity via attenuation of DCFH-induced oxidative stress and cytotoxicity.
Method development
The selection of best mobile phase for the analysis of different biomarkers in Method-I and Method-II were carried out by running several TLC plates with different solvent combinations. The final solvent combination was chosen on the basis of its accurate reproducibility, separation efficiency of maximum phytoconstituents as well as different markers in simultaneous analysis. The mobile phase that fulfilled these criteria for Method-I was hexane and ethyl acetate (7.5:2.5, v/v) (Fig. 4A) whereas for Method-II it was chloroform and methanol (97:3, v/v) (Fig. 4B) . The optimized saturation time and volume of mobile phase were observed as 20 min and 20 m, respectively. The developed HPTLC plates were then derivatized by spraying p-anisaldehyde reagent and heated to give compact spots of markers as well as different phytoconstituents present in GSLE.
In Method-I, the densitometric analysis was carried out at 540 nm in the absorbance mode that furnished compact, sharp, symmetrical and high resolution bands of b-amyrin and b-sitosterol at R f 0.39 ± 0.004 and 0.25 ± 0.005, respectively (Fig. 5A) . In Method-II, the analysis was carried out at 630 nm that produced compact, sharp and high resolution band of lupeol and ursolic acid at R f 0.47 ± 0.004 and 0.23 ± 0.005, respectively (Fig. 5B) . Thus, the developed HPTLC methods were found to be quite selective with good baseline resolution.
Method validation
Linearity of compounds b-amyrin, b-sitosterol, lupeol and ursolic acid were validated by using the linear regression equation (Y) and correlation coefficient (r 2) . The six-point calibration curve for b-amyrin and b-sitosterol was found to be linear in the range of 100-1000 ng/band while for lupeol and ursolic acid it was in the range of 100-1200 ng/band. The respective values of Y and r 2 for the biomarkers were b-amyrin (8.727x + 306.63 and 0.9975 ± 0.0002), b-sitosterol (8.843x + 1249.27 and 0.9983 ± 0.0005), lupeol (3.892x + 324.92 and 0.9971 ± 0.0005) and ursolic (9.952x + 146.74 and 0.9987 ± 0.0004). Further analysis revealed a good linearity response for the developed methods ( Table 1 ). The mean value (±SD) of the slope and intercept were found to be 8.727 ± 0.042 and 306.63 ± 11.53 for b-amyrin, 8.843 ± 0.049 and 1249.27 ± 20.955 for b-sitosterol, 3.892 ± 0.061 and 324.92 ± 13.259 for lupeol, and 9.952 ± 0.089 and 146.74 ± 11.432 for ursolic acid, respectively.
The recoveries as accuracy study for the developed methods were recorded for b-amyrin, b-sitosterol, lupeol and ursolic acid ( Table 2 ). The recovery was 99.23-100.14% for b-amyrin, 99.26-100.18% for b-sitosterol, 99.58-100.23% for lupeol and 99.03-100.78% for ursolic acid. The %RSD was 0.338-0.396 for b-amyrin, 0.608-0.703 for b-sitosterol, 0.270-0.331 for lupeol, and 0.204-0.184 for ursolic acid, respectively. The intra-/inter-day precision (n = 6) for b-amyrin and b-sitosterol in Method-I and those for lupeol and ursolic acid in Method-II (Table 3) were recorded. In Method-I, the respective intra-/inter-day %RSD for b-amyrin and b-sitosterol were 0.205-0.235%/0.190-0.232% and 0.355-0.375%/ 0.337-0.355%, respectively which demonstrated the good precision of this method. Likewise, in Method-II, the respective intra-/ inter-day %RSD for lupeol and ursolic acid were 0.238-0.262%/0.2 29-0.249% and 0.131-0.147%/0.127-0.140% that also demonstrated the good precision of this method.
The data for the robustness studies for b-amyrin and b-sitosterol (Table 4 ) and for lupeol and ursolic acid (Table 5) were (Table 1 ). This observation further indicated that the two HPTLC methods had good sensitivity for the quantification of the four compounds in GSLE.
3.5. Application of the validated HPTLC methods in the quantitative analysis of b-amyrin, b-sitosterol, lupeol and ursolic acid in GSLE Further applicability of the developed and validated HPTLC methods were tested for the quantitative analysis of b-amyrin and b-sitosterol ( Fig. 5C ) and lupeol and ursolic acid (Fig. 5D ) in GSLE. With these methods, the contents of b-amyrin, b-sitosterol, lupeol and ursolic acid were estimated to be 20.64 lg/mg, 16.35 lg/mg, 6.73 lg/mg, and 5.81 lg/mg of the dry weight of GSLE. To the best of our knowledge, this is the first report on simple, accurate and rapid HPTLC methods developed and validated for the simultaneous quantification of b-amyrin, b-sitosterol, lupeol and ursolic acid in G. senegalensis.
Discussion
G. senegalensis J.F. Gmel is a very popular African folk-medicinal plant with antioxidative, gastroprotective, anti-microbial and antiviral potential (Suleiman, 2015; Bosisio et al., 1997; Somboro et al., 2011) . DCFH is commonly used to evaluate experimental oxidative stress caused by free-radicals or ROS through the principle of oxidation of DCFH to the fluorescent DCF (Rota et al., 1999) . Notably, DCFH is also highly cytotoxic to cultured human cell lines, including hepatoma cells (Al-Yahya et al., 2013; Arbab et al., 2016) .
In the present study, MTT assay has demonstrated the hepatoprotective activity of GSLE via attenuation of DCFH-induced oxidative stress and cytotoxicity in cultured hepatoma cells, HuH7. Further, our DPPH radical-scavenging and b-carotene-linoleic acid bleaching assays showed dose-dependent antioxidant efficacy of GSLE. Very recently, we have demonstrated a robust anti-HBV activity of G. senegalensis (Arbab et al., 2017) in accordance with its previously reported antiviral property against FPV and HSV (Lamien et al., 2005; Silva et al., 1997) . The antiviral activities by natural or herbal products are suggested via three mechanisms: firstly, direct inhibition; secondly, enhancing host immunity; and thirdly, abating inflammation and protecting cells from oxidative stress or damages. The indirect antiviral efficacy of Ampelopsis silica root extract against HSV (Chen and Yang, 1999) and duck hepatitis B virus (DHBV) (Chen et al., 2000) was thus, attributed to its antiinflammatory and antioxidative activity . In line with this, the in vitro and in vitro antioxidative, hepatoprotective and anti-HBV potential of Acacia mellifera leaves extract has also been demonstrated, recently (Arbab et al., 2015) .
The phytochemical analysis of G. senegalensis has revealed presence of various bioactive flavonoids (eg., catechin, myricitrin, rutin and quercetin), alkaloids (e.g., harman and eleagnine), a naphthyl butenone (guieranone A) and tannins (eg., epicatechin, epigallocatechin gallate and galloylquinic acid (Ficarra et al., 1997; Silva and Gomes, 2003; Bouchet et al., 1998) . Of the identified tannins, radical scavenging and antioxidant activities of galloylquinic acid have been studied. However, to our knowledge, the triterpenes of known therapeutic potentials including antioxidant and antiviral activities are not reported in G. senegalensis. Natural triterpenes are structurally diverse group of triterpenoids, having linear and, tetra or pentacyclic carbon skeleton. Bioactive triterpenes are isolated from a variety of plants with antimicrobial, anticancer, hepatoprotective, anti-inflammatory, and antioxidative salutations (Pavlova et al., 2003; Woldemichael et al., 2003; Aiken and Chen, 2005; Fernandez et al., 2011; Sultana and Saify, 2012) . Moreover, the pentacyclic triterpenes are shown to have antiviral properties against HSV (Heidary et al., 2014; Joycharat et al., 2008; Tanaka et al., 2004) and HIV (Cichewicz and Kouzi, 2004) , the genetically close viruses to HBV. Notably, b-amyrin (oleanane-type pentacyclic triterpenoid) is shown to have antiviral efficacies against influenza A and HSV (Rao et al., 1974) . In our analysis, the high quantity of bamyrin (20.64 lg/mg) in antioxidant GSLE strongly supports its anti-HBV activity, probably by attenuating the cellular oxidative mechanism. Ursolic acid (ursane-type pentacyclic triterpenoid), also known as urson, prunol, micromerol or malol is one of the most promising therapeutic natural compound. It has shown in vitro and in vitro hepatoprotective activity against ethanol-toxicity by elevating levels of antioxidant molecules and serum protein while decreasing the total bilirubin and LPO markers (Saraswat et al., 2000; Saravanan et al., 2006) . Also, ursolic acid treatment is shown to ameliorate paracetamol-and carbon tetrachloride-induced liver injury by increasing hepatocytes viability and improvement of serum markers (Shukla et al., 1992; Martin-Aragón et al., 2001) . Interestingly, ursolic acid is also found to have potent antiviral activity against HSV, human immunodeficiency virus (HIV) and human hepatitis C virus (HCV) (Filho et al., 2010; Hattori et al., 2013; Ma et al., 1999; Quéré et al., 1996) . Our identification of ursolic acid (5.81 lg/mg) in the anti-HBV active GSLE thus, endorses its antioxidative potential, and could correlate with its anti-HBV activity via abating cellular oxidative stress.
The triterpenoids, also known as phytosterols have wide spectrum of biological activities including, anti-inflammatory, hypocholesterolemic, and insulin-regulating potential (Kong et al., 2013; Yamamoto et al., 1991; Bouic et al., 1996) . Of these, lupeol has in vivo and in vitro anti-inflammatory, anti-microbial, antiprotozoal, anti-proliferative, anti-invasive, anti-angiogenic and hypocholesterolemic efficacies (Ivorra et al., 1988) . Lupeol is reported to decrease the ROS level and restore the antioxidant enzyme activities in mouse liver against chemical-induced oxidative stress (Siddique et al., 2011) . Also, lupeol treatment is shown to induce growth inhibition and apoptosis in HCC cell line, SMMC7721 (Prasad et al., 2007) . Though lupeol has shown weak antiviral activities in several studies, it has served as a lead drug for the generation of more effective compounds against Influenza A and HSV ). On the contrary, lupeol isolated from Strobilanthes cusia root has demonstrated a robust anti-HSV activity, in vitro (Flekhter et al., 2004) . Notably, to the best of our knowledge, the antiviral activity of lupeol against hepatitis viruses has not been reported, so far. Nevertheless, lupeol (6.72 lg/mg) identified in the antioxidant GSLE, could have a direct or indirect role in the plant's anti-HBV activity.
b-sitosterol, a phytosterol has been shown to exhibit in vitro and in vitro anti-HIV activity by immunomodulatory mechanism though stabilization of CD4 + T-lymphocyte counts, and a significant decrease in interleukin-6 level (Tanaka et al., 2004) . Very recently, antiviral effect of b-sitosterol isolated from cottonseed oil against tobacco mosaic virus (TMV) is reported (Bouic, 1997) . Interestingly, b-sitosterol has been also shown to attenuate in vitro chemical-induced hepatotoxicity (Arbab et al., 2016) and cardiotoxicity by enhancing mitochondrial glutathione redox mechanism (Zhao et al., 2015) . In line with this, our identification of b-sitosterol (l6.72 lg/mg) as the second most abundant compound in GSLE strongly supports its in vitro antioxidative, hepatoprotective and anti-HBV activities, independently or interdependently.
Conclusion
The present study has demonstrated antioxidative and hepatoprotective potential of anti-HBV active GSLE. Further, HPTLC analysis of biomarkers (b-amyrin, b-sitosterol, lupeol and ursolic acid) of known antioxidant and antiviral activities, strongly supported the anti-HBV efficacy of GSLE via abating the cellular oxidative stress molecules. Our findings therefore, warrant for the therapeutic potential of G. senegalensis against hepatitis B associated chronic liver disease. Nevertheless, bioactivity guided fractionation and isolation of active principles from G. senegalensis leaves, and their detailed analysis would be necessary. To our knowledge, this is the first report on HPTLC analysis of triterpenes in G. senegalensis that could be further adopted for the standardization and quality-control of marketed herbal-formulations.
